Objective: KLF7 encodes Krü ppel-like factor (KLF) 7, a member of the KLF family of transcription factors, initially shown to play important roles in cellular development and differentiation, and reported to be specifically involved in adipogenesis. Several single nucleotide polymorphisms (SNPs) have been identified in KLF7, of which the A-allele of rs2302870 has been associated with type 2 diabetes in a Japanese population; however, a possible association of KLF7 SNPs with obesity has not been investigated. We aimed to identify variation in the putative promoter region, the coding regions, exon/intron boundaries, and 3 0 -UTR of KLF7, and to examine identified variants in relation to obesity, type 2 diabetes, and related quantitative traits in Danish individuals. Methods: Identified variants were investigated for association with type 2 diabetes in 8777 individuals and with obesity in 14 818 individuals. Results: We identified four common SNPs in low pairwise linkage disequilibrium; three in the putative promoter region (K1119 GOA, K963 COA (rs7568369), and K614 GOA) and IVS2C35092 AO C (rs2302870). We failed to confirm an association between rs2302870 and type 2 diabetes. Neither was rs7568369 associated with type 2 diabetes; however, the minor A-allele of rs7568369 protected against obesity (ORZ0.90 (0.84-0.96), PZ0.001) and in studies of quantitative traits (nZ5,535) the variant associated with decreased body mass index (PZ0.002) and waist circumference (PZ0.003). The K1119 GOA and K614 GOA variants were not associated with obesity or type 2 diabetes. Conclusion: We identified a novel association between the minor A-allele of KLF7 rs7568369 and protection against obesity in the Danish population.
Introduction
Obesity, type 2 diabetes and the accompanying risk of premature cardiovascular morbidity and mortality are becoming rapidly growing health burdens. Environmental and genetic factors contribute to the development of obesity and type 2 diabetes. The Krü ppel-like factor (KLF) family of 15 zinc-finger-containing transcription factors has been reported to be involved in cellular growth, proliferation, and differentiation (1) (2) (3) . A potential role in fat metabolism has been described for some of the KLF family members. Thus, KLF2 is a negative regulator of adipocyte differentiation via inhibition of peroxisome proliferator-activated receptor (PPAR) g (4) , and KLF15 can induce adipocyte maturation and expression of the glucose transporter GLUT4 (5) . KLF7, ubiquitous KLF, is expressed in adipocytes and in a variety of human tissues including pancreas, skeletal muscle, and liver (6, 7) and overexpression of KLF7 in human preadipocytes has been shown to suppress adipogenesis (6) . Particularly, KLF7 was reported to inhibit adiponectin gene expression in adipocytes (6) , and the green tea polyphenol (K)-catechin was found to markedly enhance the expression of adiponectin and increase glucose-uptake into 3T3-L1 adipocytes, which was accompanied by the down-regulation of KLF7 (8) . When it comes to the potential involvement of the KLF family in the pathogenesis of common metabolic disorders like type 2 diabetes, previous studies involving 728 type 2 diabetic cases and 1491 control individuals of French origin have examined the genes encoding KLF2, KLF3, KLF4, KLF5, KLF6, KLF12, KLF13, KLF15, and KLF16; however, no robust associations between variants of these KLF genes and type 2 diabetes could be demonstrated (9) . Interestingly, the major A-allele of rs2302870 in KLF7 was reported to associate with type 2 diabetes in a Japanese population (10) . KLF7 which is located on chromosome 2q32 spans w85 kb and consists of four exons (7) . According to HapMap (www.hapmap.org, data release #23a) KLF7 harbors numerous single nucleotide polymorphisms (SNPs), especially in introns, and linkage disequilibrium (LD) structure analysis suggests that pairwise tagging of 44 SNPs will be needed to capture the locus variation for SNPs with minor allele frequency (MAF) O0.05 with r 2 O0.8. Instead of such an exhaustive and resource demanding tagSNP approach, we decided to identify variation in the putative promoter region, the coding regions, exon/intron boundaries, and 3 0 -untranslated region (UTR) of KLF7 in the present study, and these regions were re-sequenced in 48 Danish overweight or obese patients with type 2 diabetes. Hence, the aim of the present study was to investigate identified common variants of KLF7 for association with type 2 diabetes and obesity in a Danish population.
Subjects and methods
The screening for variation in KLF7 was performed in 48 unrelated overweight or obese individuals with type 2 diabetes (age 65G10 years (meanGS.D.) and body mass index (BMI) 31.3G5.1 kg/m 2 ). All individuals were recruited from the Steno Diabetes Center (SDC), Copenhagen, Denmark.
Case-control studies of obesity were performed in nZ14 818 (rs2302870) or nZ14 611 (rs7568369) Danish individuals from three study groups: i) from the population-based Inter99 study sample (n total Z6784) we included nZ5774 (rs2302870) or nZ5535 (rs7568369) treatment-naïve successfully genotyped individuals of Danish nationality recruited from Research Centre for Prevention and Health (ClinicalTrials.gov Identifier: NCT00289237, (11)); ii) the Danish subsample of ADDITION (Anglo-DanishDutch-Study of Intensive Treatment in People with Screen-Detected Diabetes in Primary Care) study sample (nZ8407 (rs2302870) or nZ8459 (rs7568369)) sampled by the Department of General Practice at the University of Aarhus, Denmark (ClinicalTrials.gov Identifier: NCT00237548, (12)); and iii) a populationbased group of unrelated middle-aged individuals (nZ638 (rs2302870) or nZ618 (rs7568369)) examined at SDC. Individuals with a previous diagnosis of type 2 diabetes were excluded from studies of obesity as their medication might affect their body weight. Individuals were defined as lean (BMI !25 kg/m 2 ), overweight/obese (BMI R25 kg/m 2 ) or obese (BMI R30 kg/m 2 ). The study participants were further stratified according to sex-specific waist circumference.
In the latter context, we defined individuals with a waist circumference !80 cm (women) or !94 cm (men) as lean, whereas overweight/abdominally obese individuals were R80 cm (women) or R94 cm (men), and a subgroup of abdominally obese individuals were R88 cm (women) or R102 cm (men) around the waist. Case-control studies of type 2 diabetes were performed in 4891 (rs2302870) or 4689 (rs7568369) glucose-tolerant individuals and 3886 (rs2302870) or 3848 (rs7568369) patients with type 2 diabetes from the above-mentioned study samples plus a sample of unrelated type 2 diabetes patients from the outpatient clinic at SDC (nZ1920 (rs2302870) or nZ1870 (rs7568369)). Diabetes was diagnosed according to the 1999 WHO criteria (13) .
All participants were of Danish nationality and informed written consent was obtained before participation. Studies were approved by regional ethics committees and were in accordance with the principles of the Helsinki Declaration II.
Anthropometrical and biochemical measurements
Body weight and height were measured with individuals wearing light indoor clothing without shoes. Waist circumference was measured midway between the iliac crest and the lower costal margin. Blood samples were taken in the morning after an overnight fast of at least 8 h. Plasma glucose, serum insulin, C-peptide, and lipids were measured using SDC standard methods.
Polymorphism search and genotyping
Polymorphism search in the putative promoter region (we selected w1200 bp upstream of the translation start site), the coding regions, exon/intron boundaries, and 3 0 -UTR of KLF7 (Ensembl Gene ID: ENSG000001 18263) was performed by bidirectional nucleotide sequencing (MWG, Ebersberg, Germany) on genomic DNA extracted from human leucocytes, with subsequent analysis for variants applying SeqScape Software version 2.5 (Applied Biosystems, Foster City, CA, USA). Primers and PCR conditions for the polymorphism search are available on request. Genotyping of rs2302870, rs7568369, K1119 GOA, and K614 GOA (relative to the translation start site, forward orientation, top strand) was performed using TaqMan allelic discrimination (KBioscience, Herts, UK), the genotyping success rates were 97, 96, 97, and 99% respectively, and among 966 replicate samples error rates of 0.0, 0.3, 0.1, and 0.0% respectively, were observed. Genotype distributions for all variants obeyed Hardy-Weinberg equilibrium (PO0.05).
Statistical analyses
For case-control studies, Fisher's exact test was used to examine differences in allele frequencies, and differences in genotype distributions were calculated applying an additive logistic regression model while adjusting for sex and age. A general linear model tested variables of quantitative traits for differences between genotype groups were adjusted for sex and age (and BMI where appropriate). The Benjamini-Hochberg method (14) was used separately for each variant to correct for multiple testing. A test for homogeneity between the SDC population-based sample, Inter99, and the ADDITION study was performed by means of the Mantel-Haenszel method (fixed effects model), and showed no heterogeneity between studies (PZ0.88). Analyses were performed with RGui version 2.5.0 (http://www.r-project.org/). A P-value !0.05 was considered significant.
Results
By re-sequencing the putative promoter region, the coding regions, exon/intron boundaries, and 3 0 -UTR of the KLF7 in 48 Danish overweight or obese patients with type 2 diabetes, we identified four SNPs with a MAF O5%: three in the putative promoter region (K1119 GOA (MAF Z35%), K963 COA (rs75683-69, MAF Z33%), and K614 GOA (MAF Z7%) relative to the translation start site, forward orientation, top strand) and IVS2C35092 AOC (rs2302870, MAF Z12%). These four variants were in low pairwise LD (r 2 !0.35). No variants were identified in the coding region or 3 0 -UTR of KLF7. In case-control studies of type 2 diabetes including 4891 glucose-tolerant individuals and 3886 patients with type 2 diabetes there was no difference in the frequency of the minor C-allele of rs2302870 and no difference in genotype distribution between the two groups ( Table 1) . Neither was rs7568369 associated with type 2 diabetes (Table 1) , and nor were the two promoter variants K1119 GOA and K614 GOA (data not shown).
In case-control studies of 14 611 Danes from the Inter99, ADDITION, and the SDC study samples dichotomized according to BMI or sex-specific waist circumference the major C-allele of rs7568369 variant was associated with measures of body fat accumulation ( Table 2 Fig. 1) .
Similarly, the frequency of the minor A-allele of rs7568369 was statistically significantly lower among overweight/abdominally obese and abdominally obese individuals defined by sex-specific waist circumference compared with lean individuals (Table 2) .
For rs2302870 (nZ14 818) no statistical significant difference in MAF was found among overweight/obese individuals and obese individuals defined by BMI compared with non-obese individuals, and no differences in genotype distributions were shown (Table 2 ). However, the frequency of the minor C-allele of rs2302870 was significantly higher in overweight/ abdominally obese individuals (10.9% (10.5-11.4%)) Data are number of individuals with each genotype (% of each group), percentage frequencies of the minor allele (MAF) (95% CI), and odds ratio (OR) (95% CI). *P-values (unadjusted) compare differences in allele frequencies (P MAF ) between normal glucose-tolerant individuals (NGT) and patients with type 2 diabetes, using Fisher's exact test. †Differences in genotype distribution (P GD ) were calculated applying an additive logistic regression model, while adjusting for sex and age.
and abdominally obese individuals (11.1% (10.5-11.7%)) compared with lean individuals (10.0% (9.4-10.6%)) defined by sex-specific waist circumference (ORZ1.10 (1.02-1.20), P MAF Z0.01; and ORZ1.12 (1.03-1.22), P MAF Z0.001 respectively), and differences in genotype distributions were found between lean and overweight/abdominally obese individuals (ORZ1.09 (1.01-1.18), P GD Z0.03) and between lean and abdominally obese individuals (ORZ1.10 (1.01-1.21), P GD Z0.04).
The two promoter variants K1119 GOA and K614 GOA were not associated with obesity defined by BMI or sex-specific waist circumference (data not shown).
In the population-based Inter99 sample involving 5774 treatment-naïve, unrelated individuals the minor C-allele of rs2302870 was nominally associated with obesity-related quantitative traits of higher BMI, waist circumference, waist-to-hip ratio, and body weight (PZ0.02, 0.03, 0.03, and 0.04 respectively), while there was no association with fasting plasma glucose, serum insulin, and C-peptide (Table 3) . Furthermore, no association of rs2302870 with homeostasis model assessment of insulin resistance index (HOMA-IR) was found ( Table 3) .
The rs7568369 minor A-allele was associated with obesity-related quantitative traits of lower BMI, waist circumference, and body weight (effect per minor A-allele: K0.27 (95% CI: K0.44 -K0.10) kg/m 2 , K0.67 (K1.12 -K0.23) cm, and K0.61 (K1.16 -K0.06) kg respectively; PZ0.002, 0.003, and 0.03 respectively, (effect size estimates and P-values were adjusted for age and sex)), while there was no association with waist-to-hip ratio, HOMA-IR, fasting plasma glucose, serum insulin, and C-peptide (Table 3 ). The two promoter variants K1119 GOA and K614 GOA were not associated with any of the measured quantitative traits (data not shown).
Discussion
In a screening for variation in the KLF7 four variants with a MAF O5% were identified. Of these variants the major A-allele of rs2302870 had previously been (43) 4473 (45) 1186 (12) †Differences in genotype distribution (P GD ) between individuals with a BMI below 25 kg/m 2 , and above 25 or 30 kg/m 2 respectively; or individuals with a waist circumference below 80 cm (women) or 94 cm (men), and above 80 cm (women) or 94 cm (men), or 88 cm (women) or 102 cm (men) respectively, were calculated applying an additive logistic regression model, while adjusting for sex and age. *P-values remained significant after Benjamini-Hochberg correction. associated with type 2 diabetes (10); however, we failed to replicate this finding. Contrary, in the populationbased study of quantitative traits, we identified an association between the minor C-allele of rs2302870 and a higher BMI, waist circumference, waist-to-hip ratio and body weight, although these nominal associations were abolished after Benjamini-Hochberg correction for multiple testing. Furthermore, in casecontrol studies of abdominal obesity defined by sexspecific waist-circumference (Table 2) , we found an association with the minor C-allele of rs2302870, although only the difference in MAF between lean and abdominally obese individuals remained significant after Benjamini-Hochberg correction. Additionally, case-control studies of obesity defined by BMI did not confirm these findings, indicating that rs2302870 does not have a major impact on the risk of obesity or type 2 diabetes in the Danish population. The discrepancy between the results of the case-control studies of type 2 diabetes in the Japanese (10) and in the Danish study samples might be due to the differences in the number of individuals included. The Japanese study involved 1130 patients with type 2 diabetes and 564 control individuals, and was repeated in 560 patients with type 2 diabetes and 359 control individuals, whereas the present study included 3886 patients with type 2 diabetes and 4891 glucose-tolerant individuals. There is barely no difference in the frequency of the variant in the two populations (MAFZ12% and 13% in CEU and JPT HapMap respectively). Yet, a difference in ethnicity is a possibility to explain the divergent results, since rs2302870 is likely to be in strong LD with a causative variant that may be different in the two populations due to difference in LD structure within or near the KLF7 locus.
Case-control studies of obesity defined by BMI and sex-specific waist circumference demonstrated a novel association between the major C-allele of rs7568369 in the putative promoter region of KLF7 and obesity. This finding may be robust, since the same variant associated with obesity-related quantitative measures of BMI and waist circumference in the population-based Inter99 study sample, and the findings remained significant after Benjamini-Hochberg correction for multiple testing, indicating a protective effect of the minor A-allele of rs7568369 against obesity. If replicated, our findings suggest that variation in KLF7 may influence body fat among Europeans.
According to HapMap (data release #23a) rs7568369 is monomorphic (the major allele is found with a frequency of 100% in all HapMap populations) which is in conflict with our findings of a common variant (MAF w35%) at this particular position in the sequence. To ensure that it is in fact rs7568369 we have examined, we randomly picked three individuals homozygous for the major rs7568369 allele, two heterozygous carriers, and one individual homozygous for the minor rs7568369 allele identified by the initial sequencing. Re-sequencing and genotyping revealed 100% concordance, confirming that rs7568369 has a MAF of approximately 35% in the Danish population.
In the present study, we identified variation in the putative promoter region, the coding regions, exon/intron boundaries, and 3 0 -UTR of KLF7. We can not exclude the possibility that other variants within this locus have influence on the risk of common metabolic disorders like type 2 diabetes and obesity, and future studies applying a tagging approach of the entire KLF7 locus would be relevant.
In a search of available web-based results of genomewide association studies for KLF7 SNPs and their potential association with type 2 diabetes or BMI in the diabetes genetics initiative (DGI) database (www.broad.mit.edu/diabetes/) (15) only one out of 13 KLF7 SNP (rs1263625) was associated with type 2 diabetes (PZ0.03), and none of the investigated DGI SNPs were associated with BMI. This variant has previously been studied in relationship with type 2 diabetes in the Japanese population; however, no association has been found (10). The rs2302870 was not in LD with any of the SNPs in the DGI database, whereas LD structure for rs7568369 was unavailable.
As it has previously been shown that KLF7 expression has an inhibitory effect on adipogenesis (6, 10) , it is hypothesized that variation in KLF7 may confer susceptibility to obesity in part by affecting adipocyte function. The potential mechanism is as yet unknown; however, it could be speculated that KLF7 might be an important regulator of the expression of other genes functioning in the adipocytes, as KLF7 has been shown to inhibit the expression of several genes expressed in adipocytes that are crucial for adipogenesis such as adiponectin, leptin, PPARg, and CCAAT enhancer binding protein a (CEBPa) (8) .
The obesity-associated rs7568369 might only be a marker in LD with a causative variant, and re-sequencing and association testing of the entire KLF7 locus and eventually functional studies are needed to clarify the role of rs7568369 and other polymorphisms in KLF7 in relation to obesity and type 2 diabetes. 
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